US008315541B2
12 United States Patent (10) Patent No.: US 8.315,541 B2
Kinokuni 45) Date of Patent: Nov. 20, 2012

(54) IMAGE FORMING APPARATUS USING FOREIGN PATENT DOCUMENTS

CLEANER-LESS SYSTEM JP 10-207186 A 8/1998

P 2001-215799 A 8/2001

(75) Inventor: Jiro Kinokuni, Abiko (JP) IP 3507265 B2 3/2004

OTHER PUBLICATIONS

(73) Assignee: Canon Kabushiki Kaisha, Tokyo (JP)
Machine Translation of JP 10-207186 A obtained on Dec. 14, 2011 .*

(*) Notice: Subject to any disclaimer, the term of this Notification of First Office Action issued Oct. 9, 2011, in Chinese
patent 1s extended or adjusted under 35 Application No. 200910223515.7.

U.S.C. 154(b) by 304 days. * cited by examiner

(21)  Appl. No.: 12/619,824 Primary Examiner — David Gray

Assistant Examiner — Gregory H Curran

(22)  Filed: Nov. 17, 200 (74) Attorney, Agent, or Firm — Fitzpatrick, Cella, Harper &

(65) Prior Publication Data Seinto
US 2010/0124436 A1~ May 20, 2010 (57) ABSTRACT
_ D . An 1mage forming apparatus includes a rotatable photosen-
(30) Foreign Application Priority Data sitive member; a charging device for electrically charging the
hot 111 ber; a developing device for develops
NoV. 19, 2008 (JP) oo 2008-296134 fmfh‘jtir;l;;zlf‘;;ﬁ Sf;;ii 1;:;?;2%@ E;EZ d“;n t‘i’l‘f ‘i‘ggg
Nov. 4, 2009 (JP) v 2009-253073 3 P

sensitive member electrically charged by the charging device;
a transfer device for transferring a toner 1mage from the

51) Int. Cl. L . .
(1) photosensitive member onto an 1mage-receiving member;

GO03G 21/00 (2006.01) . . ) ) .
2 US. Cl 399/129 and an auxiliary charging device for electrically charging
( ) : - B s e e : " e b -- -------------------------------------- untranSferred toner On the phOtO SenSitive member tO a nonnal
(58) Field of Classification Search .................... 399/99, charge polarity before the photosensitive member is electri-

399/149, 150,354, 129 cally charged by the charging device; wherein effective

See application file for complete search history. widths W, W, W, . W, and W .., of the photosen-
sitive member, the charging device, the developing device,

(56) References Cited the transfer device, and the auxiliary charging device satisty:
U.S. PATENT DOCUMENTS WearW cp”Wacp=Wrp”Wpp
5,555,079 A * 9/1996 Adachietal. ................. 399/175
6,922,539 B2* 7/2005 Uyamaetal. ................ 399/129 4 Claims, 7 Drawing Sheets

(@)

AREAQ)
REAY) ) " AREA(3)

DRUM
i . I L
EG(E:CHI;:JSM * : e CHARGING
AT B ks v Z AUX.CHARING
| S — Wac
— - Wwmax(A.C.D.) — RECIPRO.WIDTH
| TONERACCUMAREA
| —
d — : — PRIMARY TRANSFER
i SCATTEREDAREA! VD
i "”“”i‘_— DEVELOPMENT
| 110D IMAGE FORMING AREA
| VWi
i CARTRIDGE SIZE
€ Wete —
| Wpm > Wrp > Wep > Wacb >WoD
(b) 14
-E 12 UNACCEPTABLE LINE
~ 10
.
-
2 8 - AREA(1)
<L 6
z B : AREA(2)
= 4
g A : AREA(3)
5 2
0

0 10 20 30 40 50 60
SHEETS( X 10°%)



U.S. Patent Nov. 20, 2012 Sheet 1 of 7 US 8,315,541 B2

@) 100

;o

1508 1402 y/ 150b 1200 / 150c120° / 1504 22 /

<

1403 140b 140c¢ 18 140d

33 21
@ J/

P—
() ey

17

(0)

FIG.1



U.S. Patent Nov. 20, 2012 Sheet 2 of 7 US 8,315,541 B2

AREA()
\REAT) ) AREA(3)

i : DRUM
Reop | | '
IMCHNSM == —Wer CHARGING
e T ; AUX.CHARING
| SR — Wac
:«(————— Wpmax(A.C.D.) — RECIPRO.WIDTH
i TONERACCUMAREA
| " i
. . | PRIMARY TRANSFER
| | ' : WTD
I SCATTERED AREA:
riitiocre st DEVELOPMENT
: ~<— Wpp
I < Wi IMAGE FORMING AREA
|
| CARTRIDGE SIZE
€ WCTG
‘ Wpm > Wrp >Wep >Wacp > Wb

—

O

—
—a
e

UNACCEPTABLE LINE

—_— A
N

& AREA(1)

0

3

0 ‘ - B AREA(2)
'/-

10 20 30 40 50 60
SHEETS( % 10°)

FIG.2

ABRASION AMOUNT (um)




U.S. Patent Nov. 20, 2012 Sheet 3 of 7 US 8,315,541 B2

(a) REA(
AREM AREA(3)
| A1 cEnni— DRUM
IRECP |——— i Wpm
MCHNSM | ———————=———— CHARGING
. -
— t——————— — AUX.CHARING

~— 1 VW
Wmax(A.C.D.) —— RECIPRO.WIDTH

' —— E PRIMARY TRANSFER
: ~<SCATTEREDAREA  TD
TP DEVELOPMENT
| <— Wpp
: ‘ *—WM—I%RAEBE FORMING
|
|
| CARTRIDGE SIZE
WecTg —

I

Wpm > Wacp 2Wtp > Wep > WpD

ABRASION AMOUNT (um)

N
0 10 20 30 40 50 60
SHEETS( % 10°)

FIG.3



U.S. Patent

(a)

Nov. 20, 2012 Sheet 4 of 7

F1o<Q?
F2=QE
> Q

\Vd

Vback
Vdc

Veont
VL

120
100

Q0
-

N
-

COLLECTING EFFICIENCY (%)
N o)
- -

0

US 8,315,541 B2

125 100 -75 =50
TONER CHARGE(Q/M)

FIG.4

-25



U.S. Patent Nov. 20, 2012 Sheet 5 of 7 US 8,315,541 B2

@ AREA(1) AREA(Z2) AREA(3)

A
- .  DRUM
l«(——— Wpy ———
~ . ~ CHARGING
RECP. | CD
MCHNSM

SERE ’; AUX.CHARING

|
|
|
! : :
. <————— Wmax(AC.D) — RECIPROWIDTH
o — PRIMARY TRANSFER
i - ~——— WD —
i SCATTERED AREA
| CETTEFArr 7— DEVELOPMENT
| ~<«—— Wpp
| ————— |IMAGE FORMING
|
| CARTRIDGE SIZE
< WcTe —
Wpm > Wep > Wacp2WTp > Wb
b
(b) 14
=
512 UNACCEPTABLE LINE
= 10
0
= 3
z 6 ¢ | AREA(1)
D 4 = AREA(2)
O
< 2 A AREA(3)
0

0 10 20 30 40 50 60
SHEETS( X 10%)

FIG.5



U.S. Patent Nov. 20, 2012 Sheet 6 of 7 US 8,315,541 B2

N

¢ AREA(1)
= 12 & AREA(2)
3
_ 10 - AREA(3)
> UNACCEPTABLE LINE
O 8
=
<
P
O 6
P
m 4 A
<

=
=

s AR

A
0 10 20 30 40 50 60
SHEETS(X 103)

FIG.6



U.S. Patent Nov. 20, 2012 Sheet 7 of 7 US 8,315,541 B2

(@) Sa Sh Sc Sq

505 120a 0 120b 0 120c 150d120d

140a 140D 140c 16 140d

33 2
@ J
P —> > 5
) e

17

(b) 100

/

1502 1202 /150b 1200 /150c120° / 150d120d/
SN 233 23b N 23y 230

13a 3b
12 12 12
a b C yy15d .

‘ 130 130b 130 @l 13044 \ 5
B \'e
31 1\ 1 \4c 14d .

140a 140b 140c 140d
16A

()%
FIG.7




US 8,315,541 B2

1

IMAGE FORMING APPARATUS USING
CLEANER-LESS SYSTEM

FIELD OF THE INVENTION AND RELATED
ART

The present invention relates to an image forming appara-
tus using a cleaner-less system for developing an electrostatic
latent 1mage on a photosensitive member and collecting
untransierred toner on the photosensitive member at the same
time by a developing device.

With respect to an electrophotographic apparatus (1mage
forming apparatus), the cleaner-less system in which the
untransferred toner on the photosensitive member 1s collected
in the developing device and 1s reused has been known. Spe-
cifically, the developing device collects the untransferred
toner deposited on the photosensitive member simulta-
neously with the development of the electrostatic latent image
formed on the photosensitive member. As a result, the
untransierred toner on the photosensitive member 1s removed
by the developing device. An advantage of the cleaner-less
system 1s that there 1s no need to dispose of residual toner. For
this reason, a maintenance property of the image forming
apparatus 1s improved and 1t 1s possible to downsize the image
forming apparatus by a space of a container containing the
residual toner.

In such a cleaner-less system, 1n order to efficiently collect
the untransierred toner on the photosensitive member, an
auxiliary charger for effecting control of electric charge to be
applied to the untransferred toner has been used. Further, 1n
order to improve a collection rate of the untransferred toner, a
reciprocating mechanism such that it 1s reciprocally moved in
the longitudinal direction of the photosensitive member in
order that a distribution of the untransierred toner deposited
on the photosensitive member can be uniformized has been
employed.

Specifically, FIG. 2(a) 1s a schematic view for illustrating a
length relationship among respective constitutional elements
associated with i1mage formation using a conventional
cleaner-less system (Conventional Embodiment 1). In a pro-
cess cartridge shown 1n FIG. 2(a), an abrasion amount of the
photosensitive member 1n area (2) was larger than those in
other areas (FIG. 2(5)).

The reasons therefor are as follows. When the 1mage for-
mation 1s eflected, the toner 1s scattered from an end portion
of a sleeve for carrying the toner. The scattered toner is
deposited on the photosensitive member 1n areas (1), (2) and
(3). The scattered toner deposited on the photosensitive mem-
ber in the area (3) 1s charge-adjusted by the auxiliary charger
and then 1s transierred onto an intermediary transter member
or the like by a transfer charger, so that the scattered toner 1s
not readily accumulated (deposited). However, the untrans-
terred toner deposited on the photosensitive member 1n the
areas (1) and (2) 1s not charge-adjusted by the auxihary
charger, thus being gradually accumulated (deposited) (scat-
tered toner accumulation area). Here, when the scattered
toner contacts the charger in the scattered toner accumulation
area, abnormal electric discharge occurs. For this reason, 1n
the area (2) of the photosensitive member, the abrasion
amount of the photosensitive member 1s increased. Inciden-
tally, when the photosensitive member 1s abraded to decrease
a thickness of its surface layer, photosensitive member leak
occurs. Further, when an electroconductive layer of the pho-
tosensitive member 1s exposed at even a part of the photosen-
sitive member surface, a current from a charging roller con-
centrates at the exposed portion (1.¢., the leak occurs), so that
the image formation cannot be effected. That 1s, 1f the abra-
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sion amount in any of the areas (1), (2) and (3) exceeds a
predetermined abrasion amount (e.g., an abrasion unaccept-
able line of 12 um), a drum cartridge reaches the end of 1ts
lifetime. Specifically, 1n a conventional constitution, 1n the
area (2), the photosensitive member 1s abraded to the extent
its surface reaches the electroconductive layer when the
image formation i1s continued on about 30,000 sheets.

A constitution for increasing the lifetime of the drum car-
tridge by suppressing the abrasion 1n the case (2) 1n which the
scattered toner 1s deposited has been disclosed in Japanese
Laid-Open Patent Application (JP-A)2001-215799 (Conven-
tional Embodiment 2). Respective constituent elements asso-
ciated with the 1mage formation disclosed in JP-A 2001 -
215799 satisty a (length) relationship as shown 1n FIG. 3(a).
Specifically, a width of the auxiliary charger 1s made equal to
that of the transfer charger, so that the electric charge of the
scattered toner deposited in the areas (2) and (3) 1s controlled.
Further, the charge-controlled scattered toner is transferred
onto an intermediary transier belt 16 by the transier charger.
As a result, 1t 1s possible to suppress the abnormal electric
discharge caused due to the deposition of the scattered toner
(FI1G. 3(b)).

However, when the constitution disclosed in JP-A 2001-
215799 1s employed, a width (W ~-) of the drum cartridge 1s
excessively increased in the case where the same 1image form-
ing area (W, e.g., A4 size or the like) 1s intended to be
ensured. That 1s, the auxiliary charger which 1s reciprocally
moved 1s increased 1n length (width), so that the width of the
drum cartridge 1s wider than that in the above-described con-
ventional constitution (Conventional Embodiment 1).

Therefore, 1t has been desired to provide a compact image
forming apparatus with less frequency of exchange of the
drum cartridge by downsizing the drum cartridge while
decreasing the number of the exchange of the drum cartridge
by the increase 1n lifetime of the photosensitive member.

SUMMARY OF THE INVENTION

A principal object of the present invention 1s to provide an
image forming apparatus which i1s reduced in size while
decreasing exchange frequency of a drum cartridge.

According to an aspect of the present invention, there 1s
provided an 1image forming apparatus comprising:

a rotatable photosensitive member;

a charging device for electrically charging the photosensi-
tive member;

a developing device for developing with toner an electro-
static latent 1image formed on the photosensitive member
clectrically charged by the charging device;

a transier device for transferring a toner 1mage from the
photosensitive member onto an i1mage-receirving member;
and

an auxiliary charging device for electrically charging
untransierred toner on the photosensitive member to a normal
charge polarity before the photosensitive member 1s electri-
cally charged by the charging device;

wherein effective widths W,,,, W " .5 7, and W , .,
ol the photosensitive member, the charging device, the devel-
oping device, the transier device, and the auxihiary charging
device satisty:

e
WPM:’W CE}WA - — Wfﬂ}wﬂﬂ

These and other objects, features and advantages of the
present mnvention will become more apparent upon a consid-
eration of the following description of the preferred embodi-
ments of the present invention taken in conjunction with the
accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) and 1(b) are schematic structural views show-
ing an embodiment of the image forming apparatus according
to the present invention.

FIGS. 2(a) and 2(b) are schematic views for illustrating
lengths (widths) of respective image forming clements in
their longitudinal directions in a conventional constitution in
which an auxiliary charger 1s shorter and for illustrating a
photosensitive drum abrasion amount 1n the constitution,
respectively (Conventional Embodiment 1).

FIGS. 3(a) and 3(b) are schematic views for illustrating
lengths (widths) of the respective image forming elements 1n
their longitudinal directions in another conventional consti-
tution in which the auxiliary charger 1s longer and for illus-
trating the photosensitive drum abrasion amount in the con-
stitution, respectively (Conventional Embodiment 2).

FIGS. 4(a), 4(b) and 4(c) are schematic views for 1llustrat-
ing collection of toner 1n a cleaner-less system.

FIGS. 5(a) and 5(b) are schematic view for illustrating
lengths (widths) of the respective image forming elements 1n
their longitudinal directions 1n a constitution of the present
invention and for illustrating the photosensitive drum abra-
sion amount 1 the constitution of the present invention,
respectively.

FIG. 6 1s a graph for 1llustrating the photosensitive drum
abrasion amount in the case where a DC bias 1s applied to a
charging roller in another constitution of the present mven-
tion.

FIGS. 7(a) and 7(b) are schematic structural views show-
ing another embodiment of the image forming apparatus
according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(Embodiment 1)

Hereinbelow, the image forming apparatus according to
the present invention will be described specifically with ret-
erence to the drawings. First, a constitution of the image
forming apparatus and respective materials and effective
widths of respective constitutional elements of the image
forming apparatus will be described (<1> to <3>). Next, an
image forming process in a cleaner-less system will be
described (<4>to <6>). Then, the constitution in this embodi-
ment will be described in comparison with conventional con-
stitutions (<6> to <9>).
<1> General Structure of Image Forming Apparatus

FI1G. 1(a) 1s a schematic structural view showing an image
forming apparatus 100 1n this embodiment according to the
present invention. The image forming apparatus 100 1n this
embodiment 1s a tandem type full-color image forming appa-
ratus 1n which four image forming portions are disposed side
by side along a rotational direction of an intermediary transier
member. Incidentally, the scope of the present invention 1s not
limited unless otherwise specified. The respective 1mage
forming portions S (Sa, Sb, Sc, Sd) form toner images of
yellow, magenta, cyan, and black, respectively. The constitu-
tions of these 1mage forming portions are substantially 1den-
tical to each other, so that the constitution of the 1mage form-
ing portion Sa will be specifically described. The image
forming portion Sa includes a drum-like electrophotographic
photosensitive member 11a as an 1mage bearing member
(hereimaftter referred to as a photosensitive drum). Around the
photosensitive drum 11a, constitutional elements associated
with image formation are disposed and supported integrally
with the photosensitive drum 11a as a cartridge. In this way,
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the cartridge including electrophotographic process means
integrally supported with the photosensitive drum lla 1s
referred to as a drum cartridge (process cartridge). The drum
cartridge 1s detachably mounted to a main assembly of the
image forming apparatus by a mounting means (not shown).
The photosensitive drum 11a has a structure in which a pho-
tosensitive layer 1s formed on a hollow cylindrical electro-
conductive support.

Around the photosensitive drum 11a, along the rotational
direction of the photosensitive member 11qa, a charging roller
12a as a charger and a developing device 13a (including a
developing sleeve 130a) are disposed. Further, downstream
of the developing device 13a with respect to the drum rota-
tional direction, a primary transier roller 14a as a primary
transfer charger and an auxiliary charging brush (auxiliary
charger) 15a as an auxiliary charging device are disposed
along the rotational direction of the photosensitive drum. The
auxiliary charging brush 15 1s provided so as to be recipro-
cally moved 1n the rotational shaft (axis) direction of the
photosensitive drum by a reciprocating drive mechanism
(gear train) (FIG. 1(b)). In this embodiment, the drum car-
tridge consists of the photosensitive drum 11, the charging
roller 12, the developing device 13, and the auxiliary charger
15. Incidentally, a member having a lifetime longer than that
ol the photosensitive drum may also be provided to the main
assembly of the image forming apparatus. For example, inthe
case where the lifetime of the developing device 13 1s sufili-
ciently longer than that of the photosensitive drum, the devel-
oping device 13 may also be disposed separately from the
drum cartridge. Obliquely above the photosensitive drum 11,
a laser exposure device 23 as an exposure means 1s disposed
and 1s configured to perform 1image exposure, 1.€., to 1irradiate
the surface of the photosensitive drum 11 with a laser beam
modulated based on i1mage information. An electrostatic
latent image thus formed on the photosensitive drum 1s devel-
oped with the toner, so that the toner image 1s carried on the
photosensitive drum as the image bearing member. The image
forming portions 1ncludes the charging devices 12a to 124,
the exposure means 23a to 234, the developing devices 13a to
13d, the primary transier devices 14a to 144, and the auxiliary
chargers 13a to 15d. Further, the respective developing
devices 13a to 134 include sleeves 130a to 1304 as the devel-
oper carrying member for carrying the developer containing
the toner.

Between the photosensitive drums (11a, 115,11¢,11d) and
the primary transfer chargers (14a, 145, 14¢, 14d), an inter-
mediary transier belt 16 as the intermediary transfer member
1s disposed. The intermediary transfer belt 16 1s stretched
around rollers 31, 32 and 33 and 1s movable 1n a direction
indicated by an arrow. The respective color toner images
formed on associated photosensitive drums are transferred
onto the mntermediary transier belt. Further, a secondary
transter roller 17 constituting a secondary transier charger 1s
disposed oppositely to an opposite roller 33 to form a second-
ary transier portion. A paper (sheet) separating means 18 1s
disposed adjacently to the secondary transier roller 17. Fur-
ther, an intermediary transier belt cleaning means 19 as a
cleaning means 1s disposed oppositely to the roller 32 for
stretching the intermediary transier belt 16. Further, ata lower
portion ol the image forming apparatus, a sheet feeding
device 1s disposed for feeding a recording material P toward
the secondary transfer charger 17. Further, on a downstream
side of the separating device 18 with respect to a conveying,
direction of the recording material P separated by the sepa-
rating device 18, a fixing device 21 and a sheet discharge tray
(not shown) are disposed.




US 8,315,541 B2

S

<2> Material and Effective Width of Each Constituent Ele-
ment

Hereinbelow, the photosensitive drum, the charging
device, the developing device, the transier device, the auxil-
1ary charging device and the intermediary transfer belt which
are associated with the respective image forming steps will be
specifically described. Incidentally, the respective matenals
in Conventional Embodiment 1 and Conventional Embodi-
ment 2 are 1dentical to those 1n this embodiment for compari-
SON purposes.

(Material and Effective Width of Photosensitive Drum )

In this embodiment, the photosensitive drum 11 as the
image bearing member (photosensitive member) was pre-
pared by applying an organic photosensitive material for an
organic photoconductor (OPC) onto an outer peripheral sur-
face of an aluminum cylinder. The photoconductor may also
be a-S1, CdS, Se or the like. Incidentally, when the surface
layer of the photosensitive drum 1s abrased 1n about 10 um by
the electric discharge or abrasion, the photosensitive member
leak occurs. Here, the width of the photosensitive drum with
respect to the longitudinal direction of the photosensitive

layer 1s referred to as an effective width and 1s represented by
W, ,as shown 1n FIG. 2(a), FIG. 3(a) and FIG. 5(a).

(Material and Effective Width of Charging Roller)

In this embodiment, the charging roller 12 as the charging
device has a single rubber layer structure formed of epichlo-
rohydrin. The single rubber layer has a volume resistivity of
10° to 10° ohm.cm. As the material for constituting the charg-
ing roller 12, 10n or electron conductive materials such as
EPDM and NBR and other materials including rayon, nylon-
based matenals, and fluorine-containing materials may also
be used. The charging roller may be a sponge roller or a brush
roller. The charging roller may have a resistance value (1n1tial
resistance in a normal temperature/normal humidity environ-
ment) of 1.0x10° to 1.0x10” ohm. Here, the length (width) of
the rubber layer of the charging roller 1s referred to as an
cifective width and 1s represented by W .. In other words,
W -, represents a width of an area in which the charging roller
12 contacts the photosensitive drum 11.

(Material and Effective Width of Developing Device)

In this embodiment, as the developing roller 130 of the
developing device 13, a hollow aluminum roller was used.
Inside the developing roller 130, a magnet 1s disposed. The
charge amount of the toner in each of the developing devices
1s adjusted 1n the range of =25 to 35 uC/mg and 1n order that
flowability of the toner 1s not excessively increased, the con-
tent of o1l-treated silica of 20 nm 1n diameter 1s 30% or less.
Here, a width of the magnet inside the developing roller 1s
referred to as a developing effective width and 1s represented
by W . In other words. W ,,, represents a coating width of
the developer (toner) to be coated on the developing roller by
the magnet.

(Material and Effective Width of Transter Roller)

In this embodiment, as a material for the primary transier
roller 14, a sponge foam having a 4 mm-thick single layer
structure of NBR was used. The sponge foam has a volume
resistivity of 10° to 10° ohm.cm. Here, a length (width) of the
sponge layer of the transier roller 1s referred to as a transter
cifective width and 1s represented by W.,. In other words,
W, represents a width of an area in which the sponge layer
ol the transfer roller contacts the intermediary transier belt 16
(a width of the primary transier nip).

(Material and Effective Width of Auxiliary Charger)

In this embodiment, as the auxiliary charger 135, a fixed
brush including a metal plate and fibers implanted into the
metal plate was used. The fibers are electroconductive rayon
fibers having a fineness of 6 denier, a pile length of 5 mm, and
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a fiber (filament) density of 100 KF. As other fibers, nylon
fibers and polyester fibers may also be used. These fibers may
desirably have the fineness of 2 to 10 denier, the pile length of
3 to 8 mm, and the fiber density of 50 to 500 KV. Here, a width
of an area 1n which the fibers for the auxiliary charger are
implanted 1s referred to as an auxiliary charging effective
width and 1s represented by W . In other words, W .,
represents a width of an area in which the fiber-implanted
brush contacts the photosensitive drum 11.

(Material and Effective Width of Intermediary Transier Belt)

In this embodiment, as the intermediary transier belt 16, a
5 um-thick belt formed of polyimide (PI) resin was used. The
polyimide resin belt has a surface resistivity of 10" to 10>
ohm.cm® and a volume resistivity of 10” to 10'° ohm.cm. As
the material for the intermediary transier belt, 1t 1s also pos-
sible to use PVDF, PET, PBT, EPDM, NBR, urethane rubber,
silicone rubber, etc. Here, a length (width) from one (lateral )
end to the other (lateral) end of the intermediary transter belt
1s referred to as a transier belt effective width and 1s repre-
sented by W .
<3> Reciprocally Moving Mechanism for Auxiliary Charg-
ing Brush

In the case where an 1mage with a high image ratio 1s
continuously formed 1n a part of an area with respect to the
longitudinal direction of the photosensitive drum, the
untransferred toner having passed through the auxiliary
charger 15 1s accumulated on the charging roller 12. In the
case where an accumulation amount of the untransferred
toner on the charging roller exceeds a certain amount, the
charging roller 12 cannot electrically charge the photosensi-
tive drum 11 to a predetermined potential stably. Especially,
when the untransferred toner 1s locally accumulated on the
charging roller 12 cannot electrically charge the photosensi-
tive drum umiformly. For that reason, image defect due to
charging non-uniformity is caused to occur.

Further, 1n the case where a contact transfer method 1n
which the photosensitive drum and the intermediary transier
belt are brought into contact with each other and the toner
image formed on the photosensitive member 1s transferred
onto the intermediary transfer belt 1s employed, a mechanical
depositing force of the untransierred toner deposited on the
photosensitive drum 11 1s large due to an urging force during
the transfer. Particularly, in the case where a line 1image of a
plurality of colors of toners superposed on the intermediary
transier belt 1s deposited on the photosensitive drum, the
amount of the untransierred toner on the photosensitive drum
1s large and the mechanical depositing force of the untrans-
terred toner on the photosensitive drum 1s also large. For that
reason, 1t 1s difficult to collect the untransterred toner on the
photosensitive member (photosensitive drum) by an electri-
cal and mechanical collecting force of the developing device
13. The untransferred toner on the photosensitive member
which has not been collected by the developing device causes
the image defect such that the untransferred toner contacts the
intermediary transier belt again and 1s formed on the sheet as
an 1mage.

For that reason, in the cleaner-less system, a reciprocating,
mechanism 50 1s employed so that the untransferred toner on
the photosensitive drum 1s mechanically distributed waith
respect to the rotation shait (axis) direction of the photosen-
sitive drum. In this embodiment, as the reciprocating mecha-
nism 30, a well-known cam slider 1s used and 1s reciprocated
(reciprocally moved) along the longitudinal direction of the
clongated auxiliary charger 15. By this reciprocating mecha-
nism 50, the untransierred toner deposited on the charging
roller 12 1s prevented from being deposited at only a certain
portion of the charging roller 12, thereby to attenuate the




US 8,315,541 B2

7

degree of the charging non-uniformity. Further, the mechani-
cal depositing force of the untransierred toner 1s alleviated by
a rubbing force of the auxihiary charger 15, so that the col-
lecting rate at the developing device can be improved. How-
ever, the reciprocating mechanism 50 which reciprocally
moves the auxiliary charger 15 has constituted a major
obstacle to downsizing of the drum cartridge. Specifically, as
1s clear from FIGS. 2(a) and 3(a), a cartridge size (W ~7:)
largely varies depending on a distance of the reciprocal move-
ment of the auxiliary charging brush.

(Effective Width of Reciprocally Moving Mechanism and
Auxiliary Charging Brush)

As described above, W -, 1s the implanted-fiber width of
the brush. However, when the auxiliary charging brush 1s
reciprocated, a width affected by the auxiliary charging brush
1s substantially extended. Therefore, a width in which the
auxiliary charging brush 1s movable 1s referred to as a maxi-
mum effective width and 1s represented by W, , .- (or Wy, ,
(reciprocating mechanism)).
<4> Collecting Rate of Untransierred Toner

Hereinbelow, the collection of the untransferred toner in
the cleaner-less system will be described. FIG. 4(a) 1s a graph
showing a relationship between the electric charge Q of the
toner and a force F exerted on the toner. FIG. 4(b) 15 a sche-
matic view for illustrating an electric field formed at the
developing portion. In FIG. 4(b), Vd and VL represent a dark
portion potential and a light portion potential, respectively, of
the photosensitive drum 11 and Vdc represents a developing
bias voltage. Further, Vback represents a fog-removing bias
potential difference and Vcont represents a potential differ-
ence showing a density. FIG. 4(c¢) 1s a graph including experi-
ment-based data and showing an efliciency of collection of
the untransierred toner by the developing device 13 when the
clectric charge of the toner having reached the developing
device 13 1s changed by settings for the charging roller 12 and
the auxiliary charger 15.

In a range of (mirror force)<<(developing device collection
torce) 1n FIG. 4(a), a developing device collection efficiency
1s about 100% (FI1G. 4(c¢)), thus being high. On the other hand,
in a range ol (mirror force)>(developing device collection
torce) mn FIG. 4(a), the developing device collection effi-
ciency 1s about 40% (FIG. 4(c)), thus being low. For that
reason, 1n the cleaner-less system, it 1s desirable that the
clectric charge of the untransferred toner 1s adjusted so as to
satisty: (mirror force)<(developing device collection force)
for the purpose of elliciently collecting the untransferred
toner by the developing device. Here, 1n FIG. 4(a), F1 repre-
sents the mirror force and satisfies F1 «Q” (Q: electric charge
of toner on photosensitive drum), and F2 represents the devel-
oping device collection force and satisfies F2 =QE (E =V/d
where V 1s Vback and d represents a distance between the
photosensitive drum and the developing roller).
<5> Image Forming Process

An 1mage forming mode 1n the above-described 1mage
forming apparatus will be briefly described. The image form-
ing apparatus includes a power source (high voltage source)
and a controller (not shown) as a control means for control-
ling the respective portions. When the power source 1s turned
on, by a main motor (not shown), the photosensitive drum 11
and the charging roller 12 start their rotations at their prede-
termined rotational speeds. When execution ol an image
forming operation 1s instructed, a DC voltage biased with an
AC voltage 1s applied as a bias voltage from the high voltage
source 120 (120a, 1205, 120¢, 120d) as a bias application
means to the charging roller 12. As a result, the surface of the
photosensitive drum 11 (11a to 11d) 1s electrically charged to
a predetermined potential. The charging bias applied to the
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charging roller 1in this embodiment 1s 1n the form of a DC bias
(=700V) biased (superposed) with an AC bias (1800 Vpp). By
the 1mage exposure from the laser exposure from the laser
exposure device 23, 1.¢., by the 1rradiation of the surface of the
photosensitive drum 11 with the laser beam modulated based
on the 1mage information, the electrostatic latent 1image (1im-
agewise latent 1mage) 1s formed on the surface of the photo-
sensitive drum 11. The thus formed 1imagewise latent 1mage
reaches a position of the developing device 13 by the rotation
of the photosensitive drum 11. The latent image 1s visualized
by the developer (toner) conveyed by the developing roller
130 (130a,13056,130¢,1304d) as the developer carrying mem-
ber of the developing device 13 1n which the developer (toner)
1s contained. A developing bias applied to the developing
device 13 in this embodiment 1s in the form of the DC bias
(=350 V) biased with the AC bias (1500 Vpp). The distance d
between the photosensitive drum 11 and the developing roller
130 (so-called S-D gap) 1s 400 um.

Then, a bias of an opposite polarity to the toner charge
polarity 1s applied from a high voltage source 140 (140aq,
14056, 140c, 140d) as the bias application means to the pri-
mary transier charger 14. As a result, the toner image formed
on the photosensitive drum 11 by the development is trans-
terred onto the intermediary transter belt 16.

Thus, the toner 1images formed on the respective photosen-
sitive drums (11a to 11d) are successively transferred onto the
intermediary transier belt 16. The recording material P 1s sent
from the sheet feeding device 20 with timing at which the
toner 1mages transierred onto the intermediary transfer belt
16 reach a portion (secondary transier portion) at which the
toner 1mages are to be transierred by the secondary transier
charger. As a result, the toner 1mages superposed on the
intermediary transfer belt are transierred onto the sheet-like
recording material P by the transier roller 17 as the secondary
transier charger. The recording material P on which the toner
images are transierred i1s separated from the intermediary
transier belt 16 by the separating device 18 and thereatter 1s
subjected to a fixing process 1n the fixing device 21. The sheet
on which the toner images are fixed by the fixing device 1s
discharged on a sheet discharge tray (not shown). Inciden-
tally, the toner remaining on the intermediary transfer belt 16
without being transierred onto the recording material P at the
secondary transfer portion 1s collected by the itermediary
transter belt cleaning means 19 for cleaning the intermediary
transier belt 16.

(Electric Charge Adjustment of Untransferred Toner)

In any cases, the major part of the toner (untransferred
toner) remaining on the photosensitive drum 11 without being
transierred little has a normal polarity of normal toner (nega-
tive 1n this embodiment). For that reason, the polarity of the
untransierred toner 1s predominantly determined by a
reversely charged toner component (of a positive charge
polarity in this embodiment). That 1s, the untransferred toner
remaining on the photosensitive drum 11 without being trans-
terred after the toner images are transierred onto the interme-
diary transfer belt 16 by the primary transfer charger 14 1s the
reversely charged toner 1n many cases.

Therefore, the auxiliary charger 15 adjusts the electric
charge of the untransferred toner by being supplied with a
bias from a high voltage source 150 (150qa to 150d) as the bias
application means. Specifically, the auxiliary charging brush
imparts negative electric charge of an 1identical polarity to the
normal toner charge polarity to the reversely charged toner
(untransierred toner). When the reversely charged toner
passes through a contact portion between the photosensitive
drum 11 and the auxiliary charger 15, the bias of the 1identical
polarity to the normal toner charge polarity 1s applied to the
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auxiliary charger 15, so that electric discharge 1s caused to
occur at a certain level or more. As a result, the negative
clectric charge having the same polarity as that of the normal
toner 1s imparted to the reversely charged toner (untransierred
toner) on the photosensitive member. That 1s, the bias appli-
cation means 150 applies the DC bias of the 1identical polarity
to the charge polarity of the normal toner to the auxiliary
charger 15. Thus, the untransferred toner i1s charge-adjusted
to the normal polarity when it passes through the contact
portion between the photosensitive drum 11 and the auxiliary
charger 15.

In this embodiment, the voltage of —=900V 1s applied to the
auxiliary charger 15 to impart the electric charge to the
reversely charged toner, so that the resultant electric charge
amount 1s —125 uC/mg. However, when the toner electric
charge amountis —125 uC/mg, the collection efficiency by the
developing device 13 1s very poor (FI1G. 4(c¢)).

Actually, the toner electric charge amount 1s changed to
—50 uC/mg by the charging roller 12 supplied with the charg-
ing bias (DC: =700V, AC: 1800 Vpp). Thus, the toner electric
charge 1s controlled so that the relationship of: (mirror force
(F1))<(developing device collection force (F2)) 1s satisfied in
FIG. 4(a). As a result, a high collection efliciency 1s achieved
at the developing portion (FIG. 4(c¢)).
<6> Width (Length) Relationship of Drum Cartridge

Widths of the respective constituent elements associated
with the 1image formation with respect to the photosensitive
member rotation shaft direction are determined on the basis
of a width (W, ,) of the image forming area. Specifically, as
the 1mage forming arca width, 1n the case where a width
corresponding to A4 portrait (210 mm) 1s ensured, for
example, the developing sleeve width 1s 240 mm, the charg-
ing roller width 1s 270 mm, and the photosensitive layer width
of the photosensitive drum 1s 280 mm. The length (width)
relationship among these constituent elements may desirably
satisty: (photosensitive layer width of photosensitive
drum) >(charging roller width)>(developing sleeve width)>
(image forming area width). The reasons for this will be
briefly described below.

Magnetic flux at an end portion of the developing sleeve 1s
lower 1n uniformity than that at a central portion of the devel-
oping sleeve. That 1s, the toner carried at the developing
sleeve end portion 1s less liable to be uniformly carried com-
pared with the toner carried at the developing sleeve central
portion. For that reason, as the image forming area, the devel-
oping sleeve central portion at which the toner 1s uniformly
coated 1s used.

(Reason why Sponge Layer Width 1s Larger than Developing
Sleeve Width)

Charging uniformity at an end portion of the charging
roller 1s lower than that at a central portion of the charging
roller. For that reason, the sponge layer width 1s made larger
than the developing sleeve width in order to use the charging,
roller central portion at which the charging uniformity 1s high.
Further, the photosensitive member 1s electrically charged by
the charging roller, so that the deposition of the toner scat-
tered from the sleeve end portion onto the photosensitive
drum can be suppressed.

(Reason why Photosensitive Layer Width of Photosensitive
Drum 1s Larger than Charging Roller Width)

From the viewpoint of manufacturing accuracy, 1t 1s diifi-
cult to keep a thickness of the photosensitive layer of the
photosensitive drum at a constant level throughout 1ts width
(length). For that reason, when the photosensitive layer width
1s made substantially equal to the charging roller width, the
photosensitive member leak occurs at a portion at which the
photosensitive layer 1s thin, so that the photosensitive drum

10

15

20

25

30

35

40

45

50

55

60

65

10

cannot be electrically charged. Therefore, at the central por-
tion, the photosensitive drum 1s electrically charged by the
charging roller.
<7> Cartridge Width and Drum Lifetime in Conventional
Embodiments
Then, longitudinal direction width relationships of conven-
tional cleaner-less drum cartridges will be described.
(Conventional Embodiment 1)
(Relationship of Effective Widths 1n Longitudinal Direction)
In Conventional Embodiment 1, the following longitudinal
direction width relationship shown 1n FIG. 2(a) 1s satisfied.

Wi W > W e W e Whop

W ., . the photosensitive layer width of the photosensitive
drum 11

W .. the sponge layer width of the primary transfer roller
14

W .~ the rubber layer width of the charging roller 12

W , . the fiber-implanted width of the brush of the aux-
iliary charger 15

W -, the toner coat width of the developing device 13.

Incidentally, the respective members (constituent ele-
ments) are disposed on the basis of a (longitudinal) center line
perpendicular to the photosensitive member rotation shaft
direction.

(Abrasion Amount)

FIG. 2(b) shows a graph regarding the abrasion amount of
the photosensitive drum 1n Conventional Embodiment 1. The
photosensitive drum 1s abraded in area (2) with the number of
sheets (subjected to continuous 1mage formation) ol about
50,000 (50x10°) sheets, so that the photosensitive member
leak occurs. For that reason, the drum cartridge 1s 1n an
unusable state. This 1s because the scattered toner deposited
in the area (2) 1s not charge-adjusted by the auxiliary charger,
so that the scattered toner 1s gradually accumulated (depos-
ited) on the photosensitive member (scattered toner accumu-
lation area). For that reason, when the area in which the
scattered toner 1s accumulated contacts the charger, abnormal
clectric discharge occurs and the abrasion amount 1is
increased 1n the area (2).

(Cartridge Width)

The cartridge width (W ..;) 1s determined depending on
the maximum effective width (W,,, ) of the auxiliary
charger. The width (W ) of the cartridge including a driv-
ing train or the like for performing reciprocal drive in Con-
ventional Embodiment 1 1s 320 mm.

(Conventional Embodiment 2)
(Relationship of Effective Widths 1n Longitudinal Direction)

In Conventional Embodiment 2, the following longitudinal
direction width relationship shown 1 FIG. 3(a) 1s satisfied.

WPM> WA CD i1“}'IIE'" £ ~W CD}WDD

(Abrasion Amount)

FIG. 3(b) 1s a graph regarding the abrasion amount of the
photosensitive drum 1n Conventional Embodiment 2. As 1s
clear from the graph, the drum abrasion amount 1s decreased,
so that the drum lifetime 1s increased. This 1s because all the
areas of the photosensitive drum passing through the charger
contact the auxiliary charger and the transfer charger, so that
the toner accumulation and excessive electric discharge are
less liable to occur.

(Cartridge Width)

The cartridge width (W ;) 1s determined depending on
the maximum elfective width (W,,,.) of the auxiliary
charger. The width (W _,-) of the cartridge including the
driving train or the like for performing the reciprocal drive 1n
Conventional Embodiment 2 1s 360 mm. Incidentally, 1n
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order to obtain a untransierred toner collecting performance
similar to that i1n Conventional Embodiment 1, 1n this embodi-
ment, a width in which the auxiliary charging brush 1s recip-

rocated 1s equal to that in Conventional Embodiment 1.
<8> Cartridge Width and Drum Lifetime 1n this -

Embodiment

In this embodiment (Embodiment 1), compared with Con-
ventional Embodiments 1 and 2, the width of the auxiliary
charger 15 1s decreased. Specifically, the relationship of:
W_o, oW >W =W . >W, o 1s satistied, so that in the
areas (1) to (3), 1t was possible to suppress the accumulation
of the scattered toner causing the abrasion of the photosensi-
tive drum. Incidentally, a scattered toner generation area
causing the abnormal electric discharge 1s divided into three
areas, which are the following areas (1), (2) and (3) 1n this
embodiment.

Area (1): this area 1s the scattered toner generation area and
in this area, the charging roller 12, the auxiliary charger 135
and the primary transfer charger 14 are not present.

Area (2): this area 1s the scattered toner generation area and
in this area, the auxiliary charger 15 and the primary transfer
charger 14 are not present.

Area (3): this area 1s the scattered toner generation area.
(Relationship of Effective Widths 1n Longitudinal Direction)

The effective widths in the longitudinal direction 1n this
embodiment satisfies the following relationship as shown 1n
FIG. 5(a) (showing only the left-side constitution).

WorrW e W i cn=W > W

By setting the longitudinal direction widths of the respec-
tive constituent elements associated with the image formation
so as to satisty the above relationship, the above-described
areas (1), (2) and (3) are provided.

A characteristic portion will be further described. In order
to reduce the drum abrasion amount and downsize the car-
tridge, 1t 1s necessary to satisty the relationship of:
W r>W , =W First, by satistying the relationship of:
W, -n=W ., the accumulation of the scattered toner on the
photosensitive drum can be suppressed. Further, by satistying,
the relationship of: W .,>W -, the cartridge size (W )
can be made smaller than those 1n Conventional Embodi-
ments 1 and 2. As described above, the scattered toner accu-
mulation results 1n the increase 1n abrasion amount (1.e., the
decrease 1n drum lifetime).

By employing the above-described constitution, the scat-
tered toner on the photosensitive drum i1s removed from the
photosensitive drum by the developing device and the transier
charger. Specifically, the toner, charge-adjusted to the normal
polarity by the auxiliary charging device, located at a portion
where the photosensitive drum opposes the charging device,
1s collected in the developing device. Further, the toner,
charge-adjusted to the normal polarity by the auxiliary charg-
ing device, deposited 1n an area in which the photosensitive
drum does not oppose the developing device but opposes the
transier charger, 1s transterred onto the intermediary transier
belt by the transter charger. Here, the scattered toner in the
areas (1) and (2) of the photosensitive drum 1s less liable to
have polarized electric charge toward the reversely charged
polarity opposite to the normal polarity. For that reason, the
scattered toner deposited on the photosensitive drum 1n the
area (2) 1s adjusted so that its electric charge polarity 1s the
normal polarity, and 1s distributed over the width (W, ) of
the auxiliary charger by the reciprocation of the auxiliary
charger. For this reason, the scattered toner in the area (2) 1s
removed from the photosensitive drum by the transier charger
or the developing device. Incidentally, the area (1) does not
contact the charging roller, so that even when the scattered
toner 1s present in the area (1), the abnormal electric discharge
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1s not caused to occur. Here, the width of the area (2) (W -, -
W , ) 1s smaller than a width 1n which the auxiliary charger
1s moved by the reciprocating mechanism (W, -~ W, ~n).
Incidentally, by the increase in accumulation amount of the
scattered toner, a total electric discharge amount 1s increased
in many cases even when the scattered toner 1s not electrically
charged by the transier charger. For that reason, in the con-
stitution of this embodiment, the damage by the electric dis-
charge 1s alleviated by making the width of the area (2) liable
to be atlected by the scattered toner larger than the width of
the area (3) in which re- chargmg by the transier charger
occurs. Further, 1n order to effectively distribute the scattered
toner by the reciprocating mechanism, it 1s preferable that the
width of the area (2) 1s substantially equal to the width of the
area (1).

(Abrasion Amount)

FIG. 5(b) 1s a graph regarding the abrasion amount of the
photosensitive drum 1n this embodiment. As 1s clear from the
graph, compared with Conventional Embodiment 1, the drum
abrasion amount 1n the area (2) 1s decreased, so that the drum
lifetime 1s increased. This 1s because the electric charge of the
scattered toner deposited on the photosensitive drum 1n the
areas (2) and (3) 1s controlled by making the width (length) of
the auxiliary charger equal to that of the transfer charger.
Further, the charge-controlled scattered toner 1s transferred
onto the intermediary transier belt 16 by the transier charger,
so that the abnormal electric discharge caused due to the
accumulation of the scattered toner 1s suppressed. Further, the
width of the area (2) 1s ensured so as to be sullfl

iciently larger
than the width of the area (3), so that the abrasion amount of
the photosensitive drum 1n the area (2) 1s decreased. Details
will be described 1n <9> appearing hereinaftter.

(Cartridge Width)

The cartridge width (W ~-) 1s determined depending on
the length (W ., ,) of the photosensitive drum. The cartridge
width 1n this embodiment 1s 300 mm. Incidentally, 1n order to
obtain the untransferred toner collecting performance equal
to that in Conventional Embodiment 1, the reciprocation
width was made equal to that in Conventional Embodiment 1.
Further, 1n this embodiment, the auxiliary charger 135 1s con-
figured to have the width smaller than that of the auxihary
charger shown 1n FIG. 2(a) by about 20 mm. For that reason,
the reciprocating driving train was disposed 1n a cartridge
space created by reducing the auxiliary charger width by 20
mm, so that it was possible to reduce the cartridge size
(W 7z) by 20 mm compared with the constitution of the
Conventional Embodiment 1.
<9> Reason why Abrasion Amount 1s Decreased in this
Embodiment

As described above, the photosensitive drum 1s increased
in abrasion amount when the amount of the electric discharge
caused between the photosensitive drum and the member
contactable thereto. Especially, when the abnormal electric
discharge 1s caused by the accumulation of the scattered toner
on the photosensitive drum, the abrasion amount of the pho-
tosensitive drum 1s considerably increased. For that reason,
the lifetime of the photosensitive drum 1s 1increased by sup-
pressing the abnormal electric discharge. Therefore, in the
image forming apparatus in this embodiment, the length
(width) relationship among the respective constituent ele-
ments associated with the image formation with respect to the
photosensitive drum rotation shaft direction (longitudinal
direction) are set to satisiy the above-described relationship.
As a result, the abnormal electric discharge caused by the
scattered toner accumulation was suppressed.

The mimimum width (W ,.,) of the auxiliary charger 15
with respect to the longitudinal direction was determined by
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a width 1n which the scattered toner generated from the devel-
oping device 13 was charge-controllable, and the scattered
toner was primary-transierred onto the intermediary transier
belt 16 by the charge control, so that the scattered toner
accumulation onto the photosensitive drum was suppressed.

When the scattered toner 1s accumulated on the photosen-
sitive drum, the abnormal electric discharge 1s caused to occur
in an electric discharge area in the neighborhood of the nip 1n
which the photosensitive drum 11 and the charging roller 12
contact each other. The drum abrasion amount 1n the area 1n
which the abnormal electric discharge occurs (e.g., in the area
(2) 1n Conventional Embodiment 1) 1s larger than that in the
image forming area (W ,,). The abrasion amount of the pho-
tosensitive drum 1s increased 1n the area 1n which the scattered
toner 1s accumulated on the photosensitive drum (1n the area
in which the abnormal electric discharge occurs).

Here, fluctuation 1n potential 1n the areas (1) to (3) of the
photosensitive drum and the charging (electric discharge)
caused by the potential fluctuation will be described.

With respect to the potential 1n the area (1), the photosen-
sitive drum surface potential continues at about 0V since the
charging means and discharging means (the transier charger)
are not present.

In the area (2), the charging roller 12 1s present with respect
to the photosensitive drum 11. For that reason, the potential in
the area (2) 1s the charge potential (VD). Thereatter, the
potential 1s gradually changed toward 0 V potential due to
self-attenuation capacity. When the photosensitive drum 1s
rotated one full circumfierence, the surface of the developer 1s
clectrically charged again to the charge potential (VD) by the
charging roller 12. For that reason, when the self-attenuation
amount of the photosensitive drum 1s small, the electric dis-
charge amount by the re-charging by the charging roller 12 1s
decreased. In other words, until the electric charge 1s removed
by the self-attenuation capability of the photosensitive drum
11, the electric discharge does not occur 1n the electric dis-
charge area 1n the neighborhood of the nip in which the
photosensitive drum 11 and the charging roller 12 contact
cach other.

In the area (3), the charging roller 12, the auxiliary charger
15, and the transfer charger 14 are present with respect to the
photosensitive drum 11. The photosensitive member (photo-
sensitive drum) 1s electrically charged to the charge potential
(VD) by the charging roller. Thereafter, the photosensitive
drum surface potential 1s once lowered by the transfer
charger. Thereafter, the photosensitive drum 1s (negatively)
c“larged again by the auxiliary charger 15. The photosensitive
drum 1s thus electrically charged again by the auxiliary
charger, so that the amount of the electric discharge by the
re-charging by the charging roller 1s relatively decreased.

Here, the scattered toner 1n the area (2) 1s only distributed
by the reciprocating mechanism, so that a scattered toner
removing performance 1s not high. However, as described
above, the amount of the electric discharge by the re-charging
in the area (2) 1s small, so that the abrasion amount of the
photosensitive drum can be suppressed. Further, 1n the area
(3), the scattered toner 1s charge-adjusted to the normal polar-
ity by the auxiliary charger and 1s transierred onto the inter-
mediary transier belt by the transfer charger. For that reason,
in the area (3), the abnormal electric discharge due to the
accumulation of the scattered toner does not occur. However,
the portion charged by the charger 1s discharged by the trans-
ter charger and then 1s charged again by the auxiliary charger,
so that the electric discharge amount 1s relatively increased.
Here, 1n order to suppress the abrasion amount of the photo-
sensitive drum, there are a method of suppressing the scat-
tered toner accumulation and a method of suppressing the
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re-charging. By using any one of these methods, the lifetime
ol the photosensitive drum can be sufficiently increased.

According to this embodiment, the scattered toner accu-
mulation can be suppressed in the areas (1) to (3). For that
reason, the abnormal electric discharge resulting from the
scattered toner accumulation 1s suppressed, so that the abra-
sion amount of the photosensitive drum in the continuous
image formation 1s decreased. As a result, the increased life-
time of the photosensitive drum and the downsizing of the
drum cartridge which have not been conventionally achieved
can be achieved. Specifically, as 1s understood from the
changes 1n abrasion amount 1n the areas (1) to (3) shown 1n
FIG. 5(5), 1n this embodiment, compared with Conventional
Embodiment 1 (FIG. 2(a)), the abrasion amount of the pho-
tosensitive drum 1s considerably reduced.

The abrasion amount of the photosensitive drum can be
reduced by suppressing the amount of the electric discharge
with respect to the photosensitive drum and/or suppressing
the scattered toner accumulation. In this embodiment, 1n the
area (2), the total amount of the electric discharge with respect
to the photosensitive drum 1s decreased by disposing the
photosensitive drum so as not to oppose the transfer charger in
the area (2). Further, in the area (3), the scattered toner charge-
adjusted to the normal polarity by the auxiliary charger is
transierred onto the intermediary transier belt by the transter
charger, so that the scattered toner accumulation 1s prevented.
That 1s, by constituting the cartridge so as to satisiy the
relationship of: W, ,>W .., 1t 1s possible to eliminate the
area 1n which the amount of the electric discharge with
respect to the photosensitive drum 1s large and the scattered
toner 1s accumulated, such as the area (2) in Conventional
Embodiment 1. Further, by constituting the cartridge so as to
satisty the relationship of: W, >W, .>W_.>W . the
scattered toner in the area (2) 1s distributed over the width
(W,,,or W, )in which the auxiliary charger 1s moved. For
that reason, the scattered toner in the area (2) 1s distributed
over W, .- and 1s charge-adjusted to the normal polarity by
the auxiliary charger to be collected 1n the developing device
or 1s transierred onto the intermediary transfer belt by the
transier charger. In this embodiment, the width of the area (2)
(W =W , ) 1s larger than the width 1n which the auxiliary
charger 1s moved by the reciprocating mechanism (W, ,, .~
W ,~r). As a result, the toner in the area (2) 1s decreased by
being distributed into the area (1) and the area (3) which are
adjacent to the area (2).

As described above, by setting the longitudinal direction
width relationship among the respective constituent elements
associated with the image formation so as to satisty the
above-described relationship 1n this embodiment, even in the
case where the scattered toner 1s generated by the continuous
image formation, the electric discharge by the charging roller
12 and the auxiliary charger 15 can be considerably reduced.
As a result, the amount of the abrasion of the photosensitive
drum 11 due to the abnormal electric discharge can be con-
siderably decreased, so that the lifetime of the drum cartridge
can be increased.

(Effective Width)

As described above, the photosensitive drum abrasion
amount 1s associated with the potential of the surface of the
photosensitive drum changed depending on the respective
constituent elements associated with the image formation.
The measurement of the effective widths described above
may also be performed in the following manner. For example,
the photosensitive drum 1s electrically charged by using the
charging roller to which the charging bias 1s applied, and a
width 1 which the photosensitive drum 1s charged to the
charge potential may also be taken as the effective width. The
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width 1n which the photosensitive drum 1s charged to the
charge potential 1s measured by using a potential sensor used
for measuring the photosensitive drum potential. Similarly,
the surface potential of the photosensitive drum 1s changed by
the transier charger to which the transier bias 1s applied. For
that reason, the width in the area 1n which the photosensitive
drum potential 1s changed by the transier charger may also be
taken as the effective wadth.

(Embodiment 2)

The 1mage forming apparatus in this embodiment has the
substantially same constitution as that of the image forming
apparatus described in Embodiment 1. For that reason, the
same portions (devices) are represented by the same reference
numerals or symbols, thus being omitted from description.
Incidentally, the relationship among the effective widths of
the respective constitutional elements associated with the
image formation in this embodiment 1s identical to that 1n
Embodiment 1.

In Embodiment 1, the charging bias applied to the charging,
roller was 1n the form of the DC bias superposed with the AC
bias. On the other hand, 1n this embodiment, the bias applied
to the charging roller 12 1s only the DC bias.

By using only the DC voltage (bias), the abrasion amount
of the photosensitive drum 11 can be considerably reduced
compared with the case of Embodiment 1. In this constitu-
tion, an 1nitial thickness of the photosensitive drum 11 1s
decreased and at the same time cost reduction 1s realized by
climinating the AC voltage source. FIG. 6 1s a graph showing
a durabaility test result 1n the case where only the DC bias 1s
applied to the charging roller. As 1s clear from FIG. 6, the
abrasion amounts 1n the area (2) and the area (3) are consid-
erably decreased compared with those in Embodiment 1. That
1s, by not applying the AC bias to the charging roller, the
lifetime of the photosensitive drum can be further increased.
Incidentally, with respect to the cartridge size, the cartridge
s1ze can be reduced similarly as in Embodiment 1, so that the
image forming apparatus can be downsized.

(Other Embodiments)

In Embodiment 1, the image forming apparatus using the
intermediary transier method 1n which the toner 1image to be
transierred onto the sheet 1s transierred onto the intermediary
transier belt and using the fixed brush as the auxiliary charg-
ing device was described. However, the present invention 1s
not limited to the image forming apparatus having such a
constitution.

(a) Constitution Using Fur Brush as Auxiliary Charger

In Embodiment 1, the fixed brush was used but a rotatable
tur brush may also be used. FI1G. 7(a) 1s a schematic view for
illustrating a schematic structure of an 1mage forming appa-
ratus using the fur brush as the auxiliary charger. The effective
width relationship among the respective constituent elements
associated with the image formation is 1dentical to that 1n
Embodiment 1.

The rotatable fur brush as the auxiliary charger 15 1s rotat-
ably driven 1n the same direction as the rotational direction of
the photosensitive drum 11 at the contact portion thereof with
the photosensitive drum 11. At the contact portion, the fur
brush may also be rotationally driven 1n the opposite direction
to the rotational direction of the photosensitive drum 11. The

tur brush includes a metal shaft and electroconductive rayon
fibers implanted into the metal shaft. The fibers have a fine-
ness of 6 denier, a pile length of 5 mm, and a fiber (filament)
density of 100 KF. Similarly as in Embodiment 1, the fiber-
implanted width 1s referred to as the auxiliary charging effec-
tive width. The fibers may also be nylon fibers and polyester
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fibers may also be used. These fibers may desirably have the
fineness of 2 to 10 denier, the pile length of 3 to 8 mm, and the

fiber density of 50 to 500 KV.

The advantages that the fur brush is used as the auxiliary
charger 15 are that the untransferred toner can be stably
charge-controlled throughout the continuous 1mage forma-
tion irrespective ol properties of the toner used, such as a
particle size and a degree of agglomeration and that the rub-
bing force for rubbing the surface of the photosensitive drum
11 can be optimized depending on hardness of the photosen-
sitive drum 11 and the auxiliary charger 135. In the constitution
using such a fur brush, compared with the case of using the
fixed brush as the auxiliary charger, it 1s possible to efficiently
remove a melted product generated on the photosensitive
drum surface during the continuous 1image formation.

(b) Constitution Using Direct Transter Method

In Embodiment 1, the color image forming apparatus using,
the mtermediary transier method 1s described but the present
invention 1s not limited thereto. For example, the image form-
ing apparatus of the present invention may also be an 1image
forming apparatus using a direct transter method as shown 1n
FIG. 7(b). In the direct transfer method, onto the recording
maternal P (sheet) as the image receiving member conveyed to
cach of the image forming portions by the recording material
carrying member, the toner images formed on the respective
photosensitive drum 11 surfaces are successively transierred
directly. In the direct transfer method, the respective car-
tridges (Sa, Sb, Sc, Sd) are disposed along a conveyer belt
16A as the recording matenal carrying member for conveying,
the recording material. Further, the conveyer belt 16 A 1s
stretched around the supporting rollers 31, 32 and 33 and 1s
rotationally movable 1n the direction indicated by the arrow.

In addition to the above constitutions, a similar functional
elfect can also be obtained even when the present invention 1s
applied to a monochromatic 1mage forming apparatus.

While the imnvention has been described with reference to
the structures disclosed herein, 1t 1s not confined to the details
set Torth and this application 1s intended to cover such modi-
fications or changes as may come within the purpose of the
improvements or the scope of the following claims.

This application claims priority from Japanese Patent
Applications Nos. 296134/2008 filed Nov. 19, 2008 and
253073/2009 Filed Nov. 4, 2009, which are hereby incorpo-

rated by reference.

What 1s claimed 1s:
1. An 1image forming apparatus comprising;:
a rotatable photosensitive member;

a charging device for electrically charging said photosen-
sitive member with electric discharge by being supplied
with a voltage;

a developing device for developing with toner an electro-
static 1mage formed on said photosensitive member
clectrically charged by said charging device;

a transfer device for transferring a toner image from said
photosensitive member onto an 1mage-recerving mem-
ber, wherein a voltage of an opposite polarity to that of
the voltage supplied to said charging device 1s applied to
said transfer device; and

an auxiliary charging device for electrically charging
untransierred toner on said photosensitive member to a
normal charge polarity before said photosensitive mem-
ber 1s electrically charged by said charging device,
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wherein effective widths W,,, W, W5, W, and
W, of said photosensitive member, said charging
device, said developing device, said transfer device, and
said auxiliary charging device, respectively, satisty:

o
WPM:"W CE}WA = WTE}WEE

2. An apparatus according to claim 1, further comprising a
reciprocally moving device for reciprocally moving said aux-
iliary charging device 1n a rotation shaft direction of said

photosensitive member,
wherein a width W, .- in which said auxiliary charging

device 1s moved by said reciprocally moving device, and
the effective widths W, ,, W, and W _ .., satisty:

WPM> WMAX> WCE'}WA cir

10
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3. An apparatus according to claim 2, wherein the widths
W, r W, n Wo, and W, satisty:

(Wep=Woen)>(W =W p).

4. An apparatus according to claim 1, wherein said auxil-
1ary charging device 1s supplied with a voltage of the same
polarity as that of the voltage supplied to said charging
device, and

wherein at a region inside the effective width W -, of said

charging device and outside the effective width W -, of
said auxiliary charging device 1s prevented from con-
tacting said transfer device to which the voltage of the
opposite polarity to that of the voltage supplied to said
charging device 1s applied.

x x * x x
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